ABSTRACT A geographical association between respiratory cancer and air pollution from steel foundries has been shown previously in Scotland and elsewhere. In the present study the ironfounding town of Kirkintilloch was found to have standardised mortality ratios (SMRs) for respiratory cancer in 1959-63, 1964-8, and 1969-73 that were unexceptional in comparison with Scotland. Nevertheless, when SMRs were calculated for respiratory cancer for the period in five zones of the town arranged, a priori, according to probable exposure to fumes from two iron foundries, and in the individual enumeration districts of the 1971 census, higher SMRs were found in the residential areas most exposed to pollution from the foundries. The gradient of the zones' SMRs-high close to the foundries to low at some distance from them-persisted despite standardisation of the SMRs for social class. A survey of the concentrations of several metals in soil cores sampled at 51 sites throughout the town showed a pattern of pollution that probably illustrated the effects of prevailing winds and topography on the pollution plumes from the foundries. The value of sampling soil cores in investigations where historical sources of metallic air pollution are of epidemiological interest was emphasised by the detection of high concentrations of Ni in an area where a nickel refinery had been located many decades previously.
Epidemiological studies have indicated that foundry workers are more likely to contract respiratory cancer than are other occupational groups, perhaps as a result of exposure to "hot metal" fumes.1 4 The possibility, however, of carcinogenic effects resulting from environmental exposure to metallic air pollutants emitted from foundries has not been studied to the same extent. Although such exposures are at far lower concentrations than those encountered in the workplace, they may take place over much longer periods.
In two towns in central Scotland a geographical association has been shown between pollution from steel foundries and mortality from respiratory cancer.58 The pattern of pollution flow from the steel foundries was estimated from the patterns of the metal concentrations measured in various low technology samplers including moss, 9 10 lichens," 12 and soils, ' 3 - 15 and also through the use of models of the towns in a wind tunnel.6 16 In the present study we Accepted 10 November 1986 examined the distributions of respiratory cancer and of metallic pollution of the soil within a town containing an iron foundry industry.
Kirkintilloch is an industrial town in west central
Scotland with a population of about 33000. The town, which dates back to 200 AD, has a varied industry, but since the early nineteenth century the main heavy industry has been iron production.17
Several foundries were established and for many years the industry flourished because the Forth and Clyde Canal, which runs through the town, allowed the bulk ore to be transported cheaply. In recent times a declining demand for iron caused a fall in output and during the past decade only two foundries have remained active. At the time of the environmental study (1983) only one of these foundries, termed "the active foundry" in the text, continued in production.
796 residential areas exposed to air pollution from iron foundries showed a higher mortality from respiratory cancer than areas with less or no exposure. The study had four components. Firstly, the mortality for respiratory cancer for the whole town was compared with the Scottish experience during three five year periods between 1959 and 1973. Secondly, the geographical distribution of respiratory cancer was determined by residence within various subdivisions of the town during 1966-76; this period contained the census year of 1971 as its demographic centre point, and the years on either side contributed adequate numbers of deaths in the small areas for statistical analyses.58 Thirdly, the pattern of soil contamination by various metals was investigated. Finally, the association between the epidemiological and pollution patterns within the town was investigated in relation to the location of the iron foundries.
Methods
To calculate the standardised mortality ratios (SMRs) for primary respiratory cancer in Kirkintilloch during 1959-63, 1964-8, and 1969-73 , the observed numbers of deaths in the town during those years were obtained from the annual reports of the Registrar General for Scotland. The expected numbers of deaths were calculated by indirect standardisation, using the census populations of the town in 1961 and 1971 and the Scottish rates for those census years; the 1966 population was derived by interpolation between the 1961 and 1971 censuses. The addresses of residents of Kirkintilloch who had died from primary respiratory cancer (ICD 8:162) between 1966 and 1976 were obtained from the mortality registers of the town and were plotted on a map. The numbers of deaths for the individual enumeration districts of the 1971 census within the main area of Kirkintilloch were counted. The expected numbers of deaths in those districts were calculated by indirect standardisation using the Scottish rates for respiratory cancer in 1971. The SMRs were calculated for men and women combined.
The enumeration districts were aggregated a priori into five zones (fig 1) of probable exposure to air pollution from the two foundries, taking into account the topography of the town, the prevailing wind directions, and the proximity of the enumeration districts to those foundries. The most "at risk" area encompassed zones A and B, lying to the east and west respectively of the active foundry and also containing the closed foundry. The area at intermediate risk, zones C and D, was near the closed foundry but not within the area probably exposed to air pollution carried by the prevailing winds. The low risk area, zone E, was furthest from the foundries, in the south of the To assess the homogeneity of the town's population, the percentages in each zone of the inhabitants born in Scotland, in the remainder of the United Kingdom, in Eire, and elsewhere were obtained from the census data for 1971. To observe any influence of occupation on zone of residence, the occupations of the cases of respiratory cancer were ascertained, and the zones containing their residences were noted.
To determine the pattern of historical air pollution by metals, the contamination of soils in the major housing areas of the town was studied. Fifty one soil sites were chosen to cover the town. To observe more closely the possible effects of topography on the channelling of pollution flow, the density of sites was increased in the vicinity of the canal that ran northeast from the active foundry, along the base of the small hill there. The sampling sites were in areas of grassland15 that appeared to have been undisturbed or uncultivated for several years and were at least 4 m from potential contamination sources such as roads and wire fences. An auger was used to extract vertical soil cores of 2 x 20 cm, and the pH(H20) of the samples was measured at the time of sampling. To assess the reliability of the soil sampling technique as an indicator of atmospheric pollution, the soil cores were separated into halves, and sealed in coded plastic bags to enable laboratory analysis to be performed "blind." The concentrations in the upper and lower halves of the soil cores were calculated for each site.
After being oven dried at 100°C, the samples were ground using a pestle and mortar, passed through a 1-5 km approx (table 3) ; zone E contained the only correlation which was both negative and statistically significant-that between Fe and Cu. Table 4 shows the correlations between the mean metal con- The impact of occupation as a major contributor to the gradient of the SMRs was unlikely to have been pronounced, with the possible exception of zone C. Only eight (7%) death certificates listed foundry worker as the occupation; five of these, however, were for residents of zone C-which may explain the lack of gradient between zones B and C.
The concentrations of metals in Kirkintilloch were lower than those found in the previous studies in Armadale"4 and Bathgate,6 where the SMRs for respiratory cancer in the polluted zones had also been higher. The concentrations of most metals were high in zones A and B and showed a declining gradient in the zones less exposed to pollution from the foundries. The Cr Cu , see fig 1) . 801 802 the soil had similar consequences, and reflects the stability of using soil core samples as one method of assessing the patterns of previous atmospheric pollution.
In conclusion, the present study has shown the value of combining small area epidemiological analyses with studies of environmental pollution on a similarly detailed scale: within an industrial town where the overall SMRs for respiratory cancer were unexceptional higher SMRs were found in small residential areas that had been exposed to more pollution from iron foundries than had areas with much lower SMRs. These findings raise again the question about the part played by specific industrial pollutants in the notoriously high Scottish mortality rate for that cancer. For unlike the situation in many other countries, residential areas of Scottish industrial towns are often close to local industries and hence exposed to appreciable amounts of air pollution from them. Nevertheless, it must be remembered that these findings are based on small numbers of deaths and so the epidemiological pattern must be interpreted with caution.
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